Recently it was demonstrated that holographic interferometry could be used to quantify minute dpbacements of a mature Stapelia variegata Linn. The previously nobtble measurements revealed that the short term response of the stapelh was replar enough so that the dynamics could be evaluated through the use of a highly damped mass, spring, dashpot model. Such a model is derived explcity and the relationship between movements of the entire plant and the dynamics of individual cells or groups of cells is shown.
In recent studies, Fox and Puffer (1-3) used holographic interferometry to quantify minute displacements of a mature Stapelia variegata Linn in response to geotropic and phototropic stimuli. Through the use of this new technique, it was possible to obtain for the first time highly accurate data about short term motions of a mature plant. The results revealed that the response of the particular plant studied was regular enough so that the movement could be modeled in terms of a highly damped mass, spring, dashpot system. Here we derive such a model explicitly, and show how the macroscopic movements of the entire plant can be related to the dynamics of individual cells or groups of cells in the plant. Such information may be of interest in the study of cell structure, dynamic behavior, and energetics of plants.
MEASUREMENT OF PLANT GROWTH USING
HOLOGRAPHIC INTERFEROMETRY The holographic interferometry method has been well reviewed in the literature (4, 5) . Briefly Figure 1 .
Holograms such as the one shown in Figure 1 can be analyzed through standard techniques (4) (Fig. 3) .
RELATION BETWEEN CELLULAR EXPANSION AND
PLANT MOVEMENT In the case of the stapelia, blue light movement is consistent with an assumption of approximately uniform elongation of the cells along one side of the plant (Fig. 2) . For the purposes of the analysis then, we break the plant down into small volumes or finite elements. The elements may be considered to be either single cells or groups of cells, and the elements of primary interest are the ones along the left hand side of the plant where the expansion occurs. To simplify the analysis, the plant body is assumed to be a rectangular prism of height H and width W as shown in Figure 4 .
From the geometry illustrated in Figure 4 the displacement of the tip, d, due to an expansion AYk of the e finite element will
For AYk <« W, 6 will be small and we can make the small angle approximation tan0 0 sin 0 6 Yk W (2) Then the displacement of the tip due to expansion of all finite elements can be determined by summing over all elements to obtain (3a) , (H-Yk)AYk -O-_j TIME (min) The kth element has a mass Mk, a spring constant kk, a damping constant Ck, and is being driven by a forcing function Fk as illustrated in Figure 5 .
The over-all displacement at the tip is related through equation 6 to the sum of the displacements of the k elements. The differential equation describing the motion of the kth finite element is m*,y + cy + kkv = Fk(t) (7) which is a second order linear differential equation. The curves of Figure 3 suggest a forcing function of the form: The resulting expressions enable one to evaluate a, Glk, and Glc directly from the displacement data and the geometry of the plant. Thus, the observable motion of the plant is connected to internal plant qualities related to the microscopic structure of the plant.
For example, we will calculate these quantities for the plant studies in Figures 1 through 3 . In this case we had W = 0.8 cm and H = 3.5 cm. From equation 4 we see that the relation between elongation of the cells on the side of the plant, AH, and tip displacement, d, is d = 2.17AH, so that the plant geometry leads to a magnification of the effects of the cell elongation. Analyzing the exponential in the velocity curve of Figure 3 we observe that a = 0.2 sec-1. on the stapelia suggest that such models will be scientifically useful in evaluating plant dynamics and energetics.
